Background/Aims: this experimental design was based on HIPK3 to explore the pathogenesis of ESCC. Methods: RT-qPCR was used to detect the expression of CircHIPK3 and miR-599 in ESCC tissues and cell lines.CCK-8, colony formation, flow cytometry and transwell assay were used to detect the effects of CircHIPK3 and miR-599 on tumor cell proliferation, apoptosis and migration and invasion. Target gene prediction and screening, luciferase reporter assays were used to validate downstream target genes of CircHIPK3 and miR-599.mRNA and protein expression of c-MYC were detected by RT-qPCR and Western blotting. The tumor changes in mice were detected by in vivo experiments in nude mice. Results: HIPK3 was highly expressed in ESCC tissues and cell lines. In addition, HIPK3 expression levels were associated with advanced TNM stage, lymph node metastasis and tumor size. Moreover, HIPK3 was significantly promoted cell proliferation and migration of ESCC cells. In addition, HIPK3 was able to inhibit miRNA-599 expression and up-regulate the expression level of c-MYC. Finally, the results of in vivo animal models confirmed that HIPK3 promoted ESCC progression by modulating the miR-599/c-MYC axis. Conclusion: HIPK3 can regulate the proliferation of esophageal squamous cell carcinoma cells by regulating miR-599/c-MYC axis, thereby inhibiting the occurrence and development of esophageal squamous cell carcinoma.
Introduction
Esophageal cancer (EC) is one of the common malignant tumors in humans. 16, 39 It has a high incidence and a poor prognosis, and its regional differences are obvious. 43 The primary histological type of primary EC is esophageal squamous cell carcinoma (ESCC). 42 Esophageal squamous cell carcinoma is more common in China and other Eastern countries. Esophageal squamous cell carcinoma is more common in men over 50 years of age, and the incidence of men is much higher than that of women. 4, 31 Esophageal cancer mainly occurs in the middle and upper segments of the esophagus. Due to the anatomical location and the nature of the tumor, early esophageal cancer is not easy to be found, which affects the best time for treatment and belongs to refractory tumors. At present, patients with early and mid-stage esophageal cancer are treated with surgery or radiotherapy, supplemented by chemotherapy. 21, 35 However, after neoadjuvant chemotherapy for patients with locally advanced esophageal cancer of stage ⅡB and stage Ⅲ, the prognosis is significantly improved. 11, 28 Human esophageal cancer is a multi-step progression, and the process of esophageal epithelial malignancy develops from atypical hyperplasia, carcinoma in situ to advanced invasive carcinoma. The rapid advancement of molecular biology has proposed a new carcinogenic theory for the progression of esophageal cancer. The occurrence and development of tumors is a multi-gene, multi-stage, and multi-regulation process. 17, 19 Circular RNA (circ RNA) is a type of non-coding RNA widely found in mammals and is mainly involved in the regulation of genes in organisms. 13, 15 Most of circRNA is derived from the exon region of the gene, and a small portion is formed by intron splicing. Circ RNA is widely involved in the process of physiological and pathological regulation of humans. 3, 40 In tumor research, the mechanism by which circular RNA acts as a miRNA "cavernous body" to regulate downstream target genes has been widely reported. 41 It has been found that a plurality of circular RNAs themselves contain at least one mi RNA binding site. 8 Therefore, it can act as a "sponge" of RNA to adsorb mi RNA, thereby regulating the expression of downstream target genes inhibited by mi RNA through the mechanism of competitive endogenous RNAs (ce RNAs). 38 The circular RNA HIPK3 (circ HIPK3) is highly expressed in the liver, brain, and lung.It mainly originates from the second exon of the gene HIPK3.The circular RNA of HIPK3 origin has three kinds of splicing bodies, circ HIPK3 and circ HIPK3.1.and circ HIPK3.2. 18 While only circ HIPK3 is highly abundant and has significant functions in cells. 37 However, the expression and regulation mechanism of circular RNAHIPK3 in ESCC has not been clarified.
miRNAs are endogenous non-coding single-stranded small RNA molecules 19 to 24 nucleotides in length in many organisms. 32 miRNAs are involved in almost all tumor-related processes, including proliferation, differentiation, apoptosis, metastasis, and angiogenesis and so on. 1, 29 Many studies have shown that miRNA aberrant expression is closely related to the occurrence, development and prognosis of malignant tumors by regulating the expression of tumor suppressor genes and oncogenes. 30 miR-599 is a class of mi RNA that promotes tumor cell proliferation.The oncogene c-MYC encodes a conserved protein molecule with a helixloop-helix and leucine zipper structure, which is abnormally expressed in various cancer tissues and is closely related to cancer cell proliferation, tumor angiogenesis and cancer cell metastasis. 6 As a transcriptional regulator, c-MYC can form heterodimers with other co-regulatory factors such as Max and regulate the expression of hundreds of genes. 10 The study found that c-MYC regulation of non-coding miRNAs was an important component of the c-MYC regulatory network, which can alter the expression profile of miRNAs and promote cancer. 2, 20 However, there are few studies in the ESCC. In view of the above problems, this study aimed to explore the effect of HIPK3 on the proliferation and migration of ESCC by detecting the expression of HIPK3 in LSCC tissues and cells, and further reveal the mechanism by which HIPK3 regulated cell proliferation and migration. Defining the pathogenesis of esophageal squamous cell carcinoma may provide a more accurate and effective new therapeutic target for ESCC.
Methods and Materials Patient Samples and Cells
A total of 42 patients with postoperative ESCC and corresponding normal adjacent epithelial tissues (NATs, > 2 cm from tumor tissue) were selected from 2015 to 2017 in Zhengzhou, China. Informed consent was obtained from all patients. The study was approved by the Affiliated Cancer Hospital of Zhengzhou University Institutional Review Committee. The clinical pathological parameters and clinical features of all patients were shown in Table 1 .
ESCC cell line (kyse-150, kyse-410, KYSE-510, ECA-109, EC-18 and TE-13) and normal immortalized cell line (NE1) were purchased from the Chinese Academy of Sciences Cell Bank (Shanghai, China). ESCC cell lines were subcultured in Eagle medium containing 10% fetal bovine serum.
RNA Extraction and Real-Time Quantitative Polymerase Chain Reaction
Total RNA was isolated from cells and tissues using TRIzol reagent in strict accordance with the instructions. Complementary DNA (cDNA) was then synthesized from total RNA using SuperScript III. The gene expression level of HIPK3 was determined by LightCyclerTM 480 system (Roche Diagnostics), and the small-nuclear RNA U48 was selected as an internal standard control. The qPCR assay was performed in a LightCyclerTM 480 system. The internal standard of miR-599 was U48.qRT-PCR analysis was performed using a SYBR Premix Ex Taq II kit (Takara, Otsu, Japan).The analysis was carried out using the 2 −ΔΔCT method ( Table 2 ).
Cell Transfection
miR-599 mime, miR-599 agomir and HIPK3 expressing vectors were purchased from Genecopia. In vitro cell experiments were transfected using Lipofectamine 2000 reagent (Invitrogen) and OptiMEM (Invitrogen).HIPK3 and the loader were first constructed to stably express TE-13 cells.Stable cell lines were then infected with miR-599 agomir or a negative control virus, followed by transfection using Lipofectamine 2000 reagent (Invitrogen) and OptiMEM (Invitrogen).
CCK-8 Method
Transfected cells were seeded into 96-well plates at a density of 1 x 10 3 cells per well. Three wells were replicated in each group and 10 μL/well of CCK8 was added to each well of cells for the last 2 hrs of incubation. Finally, the OD value of the cell liquid was measured by an enzyme-linked immunosorbent assay.
Colony Formation
The transfected cells (1 *10 3 cells/well) were placed in a 6-well plate to adhere to the cell wall within 24 hrs. After 24 hrs of exposure to ADR, the cells were washed and cultured in different media for 8 days.Finally, colonies were counted after fixation for 10 mins with 10% formaldehyde, and stained with 0.1% crystal violet for 10 min.Cell viability was plotted using GraphPad Prism 6 (GraphPadSofware, Inc., San Diego, CA, USA).
Apoptosis Detection
Cell apoptosis was determined by FITC Annexin VApoptosis Detection Kit (BD, Franklin Lakes, NJ, USA). After treated with transfection reagents for 48 h, cells were washed twice with cold PBS and then 1 × 10 5 cells were re-suspended in 100 μL 1X binding buffer, then stained with 5 μL FITC Annexin V and 5μL PI for 10 min at room temperature (25°C) in the dark. 400μL 1X binding buffer was added to each tube. The apoptosis cells were then detected by flow cytometry using fluorescence-activated cell-sorting (FACS) flow cytometer (BD Biosciences, San Jose, CA, USA). Table 2 The Oligonucleotides Sense Antisense 
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Cell Migration and Invasion Assay
Cell migration and invasion tests are shown in the literature. 9
Luciferase Assay
The pmirGLO dual luciferase miRNA target expression vector was used in the 3ʹ-untranslated region (UTR) luciferase assay (Promega, Madison, WI, USA).Cells were seeded at a density of 4 x 10 5 cells/mL in 24-well plates.afterthat, cells were co-transfected with hsa-miR-599 mimics and wild-type or mutant target sequences using Lipofectamine 2000 (Invitrogen). Luciferase assay are shown in the literature. 23 
RNA Immunoprecipitation Assay (RIP)
RIP assay were performed using EZ-Magna RIP kit (Millipore, Billerica, MA, USA) and Argonaute 2 (Ago2) antidody (Abcam) to explore whether HIPK3 was existed in RNA induced silencing complex (RISC). Briefly, cells were lysed in RIP lysis buffer, followed by the incubation of protein A/G magnetic beads and antibody against IgG (Millipore) or Ago2 (Abcam). Then RNAs in magnetic beads-binding complexes were purified. At last, RT-qPCR assay was employed to measure the enrichment patterns of HIPK3 and miR-599 by IgG antibody or Ago2 antibody.
Western Blot
Western blot of c-MYC are shown in the literature. 25 In vivo antitumor activity.
The study was conducted in strict accordance with the reorganization of the National Institutes of Health Laboratory Animal Care and Use Guidelines.The agreement was approved by the animal experiment ethics of the xxx hospital.BALB/c nude mice (4 weeks old, female) were maintained under pathogen free conditions.
Si-NC, si-HIPK3 or si-HIPK3/miR-599 cells were injected subcutaneously into the right flank of BALB/C nude mice (n=10/group).Tumor volume of nude mice was measured every 7 days after injection. All nude mice were sacrificed 4 weeks later and the tumors were dissected for qPCR or Western blot analysis experiments.
Statistical Method
The monitoring data were analyzed by SPSS19.0 statistical software. The data analysis results were expressed as mean ±standard deviation (mean±SD). The data analysis between the two groups was performed by t test. One-way variance analysis (ANOVA) was used for data analysis among multiple groups, and LSD test was used for subsequent analysis.P <0.05 indicated that the difference was statistically significant.
Results
CircHIPK3 Was Up-Regulated in ESCC Tissues and Cell Lines
Firstly, the expression level of HIPK3 in ESCC was analyzed. It was found that HIPK3 was significantly upregulated in cancer tissues compared with normal tissues ( Figure 1A ). Furthermore, similar to the tissue results, HIPK3 expression was significantly up-regulated in the ESCC cell line compared withNE1 cells ( Figure 1B) .
Patients were divided into high expression group (n = 21) and low expression group (n = 21) using the A B As shown in Figure 2A As shown in Figure 2C , compared with the control group, the proliferation rate of the HIPK3 overexpression group was significantly enhanced in the ESCC cells, and the cell proliferation rate of the HIPK3 silenced group was significantly decreased. As shown by Figure 2D , the number of cell colonies in the HIPK3 overexpression group was significantly increased in ESCC cells, and the number of cell colonies in the HIPK3 silenced group was significantly reduced compared with the control group. As shown in Figure 2E , compared with the control group, the apoptosis rate of the HIPK3 overexpression group was significantly decreased in ESCC cells, and the apoptosis rate of the HIPK3 silenced group was significantly increased. As shown by Figure 2E and F, the number of cell migration and invasion in the HIPK3 overexpression group was significantly increased in ESCC cells compared with the control group, and the number of cell migration and invasion in the HIPK3 silenced group was significantly reduced. In summary, the above results indicated that circHIPK3 exerted a carcinogenic effect and promoted ESCC cell growth and metastasis.
miR-599 Was the Target Gene of CircHIPK3
In order to determine the underlying mechanism of action of CircHIPK3 in ESCC, it was predicted that miR-599 was identified as a potential target for CircHIPK3 ( Figure 3A ) by bioinformatics. The WT-HIPK3 or mutant (Mut)-HIPK3 luciferase reporter plasmid for luciferase reporter assay in TE-13 cells was used to verify the predicted results. As shown in Figure 3B , ectopic expression of miR-599 significantly inhibited luciferase activity of WT-HIPK3, but had no significant effect on luciferase activity of Mut-HIPK3. To further test whether HIPK3 and miR-599 are associated through miRNA ribonucleoprotein complexes, Ago2 antibody was used to do the RNA immunoprecipitation experiment. The RT-PCR results showed that HIPK3 and miR-599 were preferentially enriched in the Ago2-containing miRNAs compared with the control IgG immune precipitates ( Figure 3C and D) . In addition, as shown in Figure 3E , HIPK3 knockdown can significantly increase the expression level of miR-599 in TE-13 cells. HIPK3 knockdown can significantly up-regulate the expression level of miR-599 in TE-13 cells, while HIPK3 overexpression can significantly down-regulate the expression level of miR-599 in TE-13 cells.
Next the expression pattern of miR-599 in ESCC was analyzed. As shown in Figure 3F , the expression level of miR-599 was significantly down-regulated in ESCC tissues compared with that in the normal tissues. In addition, it was found that there was a direct negative correlation between circHIPK3 expression and miR-599 levels in ESCC tissues ( Figure 3G ). In summary, these results indicated that circHIPK3 may exert its biological function through miR-599.
CircHIPK3 Promoted the Malignant Behaviors of ESCC Cells by Inhibiting miR-599
Next, whether HIPK3 exerts its biological effects by inhibiting miR-599was explored. As shown in Figure 4A , the cell proliferation rate of miR-559 mimetic + siHIPK3 group was significantly lower than that in HIPK3 silencing group. The cell proliferation rate of miR-559 mimetic + Lv HIPK3 group was significantly higher than that in HIPK3 overexpression group. As shown in Figure 4B , the number of cell colonies in the miR-559 mimetic + siHIPK3 group was significantly lower than that in the HIPK3 silencing group, while the number of cell colonies in the miR-559 mimetic + Lv HIPK3 group was significantly higher than that in the HIPK3 overexpression group. As shown in Figure 4C , the apoptosis rate of miR-559 mimetic + siHIPK3 group was significantly higher than that of HIPK3 silenced group, and the apoptosis rate of miR-559 mimetic + Lv HIPK3 group was significantly lower compared with that in HIPK3 overexpression group. As shown by Figure 4D and E, the miR-559 mimetic + siHIPK3 group had significantly increased cell migration and invasion compared withthat in HIPK3 silencing group. Cell migration and invasion of he miR-559 mimetic + Lv HIPK3 group were significantly reduced compared with that in the HIPK3 overexpressing group. In summary, these results indicated that HIPK3 exerted a biological role in ESCC cells via sponge miR-599.
HIPK3 Increased c-MYC Expression by Inhibiting miR-559
In order to determine the specific mechanism of action of HIPK3 and miR-559 in ESCC progression, it was predicted that c-MYC was identified as a potential target for miR-559 ( Figure 5A ) by bioinformatics. As shown in Figure 5B 
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OncoTargets and Therapy 2020:13 luciferase activity of WT-miR-559, but had no significant effect on the luciferase activity of mut-miR-559. Furthermore, in TE-13 cells, miR-559 mimics were able to significantly reduce c-MYC mRNA and protein expression compared with the control group ( Figure 5C and D) .These data indicated that c-MYC was a direct target of miR-559. Next, whether HIPK3 promotes the development of ESCC by regulating the miR-559/c-MYC axiswas further studied. As shown in Figure 5E and F, HIPK3 knockdown inhibited c-MYC expression levels, while miR-559 mimics further increased c-MYC expression levels. In contrast, overexpression of HIPK3 significantly enhanced c-MYC expression levels, while miR-559 mimics further inhibited HIPK3induced c-MYC upregulation. As shown in Figure 5G and H, c-MYC expression was positively correlated with HIPK3 expression and negatively correlated with miR-559 expression. These results indicated that HIPK3 can increase c-MYC expression levels by inhibiting miR-559.
HIPK3 Promoted ESCC Progression in vivo by Modulating miR-599/c-MYC Axis
In order to further determine the effect of HIPK3 on ESCC progression in vivo, ESCC cells transfected with si-HIPK3 or si-HIPK3/miR-599 agomir were injected subcutaneously into nude mice. As shown in Figue 6A-C, the tumor size and tumor weight of the si-HIPK3 group were significantly lower compared with that in the control group. In the miR-599 agomir treatment group, the tumor growth of si-HIPK3 transfected cells was further inhibited. Furthermore, as shown in Figure 6D , HIPK3 silencing significantly inhibited c-MYC expression, while miR-599 agomir treatment further reduced c-MYC expression levels in tumors. These results indicated that HIPK3 promoted ESCC progression in vivo by inhibiting the miR-599/c-MYC axis.
Discussion
Esophageal cancer is a common malignant tumor of the digestive system that originates in the esophageal mucosal epithelial tissue. 14 Esophageal adenocarcinoma (esophageal adenocarcinoma) occurring from submucosal or cardiac glands of the esophagus is the main pathological type of esophageal cancer in Western countries. Esophageal squamous cell carcinoma (ESCC), which originates from esophageal squamous cells, has always been the main pathological type of esophageal adenocarcinoma. 36 At the molecular biology level, the genetic susceptibility of esophageal cancer is related to the activation and expression of oncogenes and the loss or inactivation of tumor suppressor genes. 19, 33 At present, the specific pathogenesis of esophageal cancer is still unclear. Molecular biology research on esophageal cancer, searching for early diagnostic markers of esophageal cancer and related factors and mechanisms of invasion and metastasis have become a hot topic in this field. Circular RNAs (circRNAs) exhibiting different properties than linear RNA. 26 The current study found that circular RNA can play a role in miRNA molecular sponge and regulate gene transcription. 22 CircRNA plays an important role in diseases. 27 Studies have shown that the circular RNA cir-ITCH is lowly expressed in esophageal squamous cell carcinoma. As sponges of mir-7, mR-17 and mir-214, cir-ITCH can increase the expression level of ITCH, promote ubiquitination, and thus inhibit esophageal squamous cell carcinoma. 34 Circ HIPK3 is another up-and-coming circular RNA that has received increasing attention. In normal cells, its abundance is comparable to or even higher than its linear RNA. 18 In tumor research, it was found that circ HIPK3 can promote the proliferation of osteosarcoma. 37 The results of this study showed that the expression of HIPK3 in cancer tissues and cells was significantly lower than that in normal adjacent normal tissues and normal cells (P<0.05).Moreover, overexpression of HIPK3 was positively correlated with advanced TNM stage and tumor size, but not with other parameters such as age, gender, alcohol consumption, smoking history or differentiation status.HIPK3 silencing inhibited cell viability, promoted apoptosis and reduced cell migration and invasiveness, while HIPK3 overexpression can increase cell viability, inhibit cell apoptosis and increase cell migration and invasion. In summary, HIPK3 can be used as a potential molecular target for the treatment of ESCC to control the development of tumors by inhibiting its expression.
As a target for circ RNA, mi RNA is the most widely studied class of non-coding RNAs. 5 It can regulate cell proliferation, differentiation and apoptosis by degrading target mRNA or inhibiting its translation, and participate in processes such as individual development, body metabolism, tumorigenesis and development. 32 Studies had found that overexpression of miR-599 inhibited the proliferation of breast cancer and lung cancer (!!! INVALID CITATION !!!).We screened miR-599 as a target gene for HIPK3 through a database. It regulated its expression by targeting the 3ʹUTR of the miR-199a-3p gene. HIPK3 knockdown can up-regulate the expression level of miR-599, and vice versa.
The expression level of miR-599 was down-regulated in ESCC tissues compared with that in normal tissues, and an inverse correlation between circHIPK3 expression and miR-599 levels was observed in ESCC tissues. c-MYC is a proto-oncogene of MYC family cells, which expresses a nuclear protein and participates in the regulation of other genes by binding DNA. 24 The expression of c-MYC protein was higher in proliferating cells, which decreased with cell differentiation and lost the ability of promoting proliferation. When Down regulation is expressed, cells are induced to differentiate into terminal cells. 7 c-MYC target-genes, which mediate these functions of c-MYC, represent a complex network of protein-and non-coding RNAs, including numerous miRNAs. For example, c-MYC directly regulates expression of the miR-17-92 cluster, miR-34a, miR-15a/16-1 and miR-9. Moreover, the expression and activity of c-MYC itself are under the control of miRNAs. 12 Here, for the first time, we identified MYC as a target of miR-599 and showed that the miR-599-MYC axis regulates cell proliferation and migration in ESCC. circHIPK3 regulates the proliferation and migration of ESCC cells by serving as a miR-599 sponge and thus modulates MYC expression. Further understanding of the circHIPK3-miR-599-MYC axis may provide a novel therapeutic strategy for ESCC in the future.
Conclusion
HIPK3 inhibited ESCC proliferation and invasion and metastasis by regulating miR-599/c-MYC axis, suggesting that HIPK3 may be a potential therapeutic target for ESCC. It provided experimental basis for the study of clinical prognosis of the tumor and further targeted intervention therapy.
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